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PRELIMINARY LOW-DRAG-AIRFOIL AND FLAP DATA FROM TESTS AT 
~ 
I LABS3 REYNOLDS NUMBERS AND LON TUSSULENCE 
I 
By E a s t m a n  N .  J a c o b s ,  I r a  H .  A b b o t t ,  a n d  M i l t o n  D a v i d s o n  I 
IGTRODUCTION 
D a t a  on  b a s i c  t h i c ~ n e s s  a n d  o e a n - l i n e  f o r n s  a n d  a i r -  
f o i l  t e s t  d a t a  g i v i n g  s t a n d a r a  a i r f o i l  c h a r a c t e r i s t i c s  
I a r e  p r e s e n t e d  h e r e i n  i n  t a b u l a r  a n d  c h a r t  f o r m .  T h e s e  c h a r t s  h a v e  b e e n  a r r a n g e d  i n  l o o s e - l e a f  f o r m  a s  a s u p p l e -  
m e n t  t o  t h e  p a p e r  e n t i t l e d  " P r e l i m i n a r y  L o w - D r a g - A i r f o i l  
a n d  F l a p  Data f r o m  T e s t s  a t  L a r g e  R e y n o l d s  Numbers  a n d  
Low T u r b u l e n c e .  I' As new t e s t .  r e s n l t s  become  a v a i l a b l e ,  
a d d i t i o n a l  o r  r e p l a c e m e n t  c h a r t s  v i l l  b e  f o r w a r d e d  t o  
h o l d e r s  o f  t h e  r e p o r t  t o  b e  i n s e r t e d  i n  t h i s  s u p p l e m e n t  
The  m a t e r i a l  i n c l u d e d  h e r e i n  i s  c o n v e n i e n t l y  a r r 3 n e e d  
n u m e r i c a l l y  a c c o r d i n g  t o  t h e  d e s i g n a t i o n  o f  t h e  3 i r f o i l  
s e c t i o n  a n d  f a l l s  u n d e r  t h r e e  h e a d i n g ~ s :  
I .  - B a s i c  t h i c k n e s s  f o r m s  I 
11. - Mean l i n e s  
111. - A i r f o i l  s e c t i o n  c h a r t s  
( a )  R o n r o u t i n e  t e s t s  
!b)  C h a r t s  
The a i r f o i l  d e s i g n a t i o n  i s  e x p l s i n e d  i n  t h e  I n t r o d u c t i o n  1 
o f  t h e  r e p o r t .  
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The symbols  u s e d  i n  t h e  c h a r t s  a r e  d e f i n e d  a s  f o l l o w s :  
c a i r f o i l  c h o r d  
Cd s e c t i o n  d r a g  c o e f f i c i e n t  
C 1  s e c t i o n  l i f t  c o e f f i c i e n t  
l i  d e s i g n  l i f t  c o e f f i c i e n t  f o r  mean l i n e  
C m C  / 4  
s e c t i o n  pi tching-moment  c o e f f i c i e n t  a b o u t  q u a r t e r -  
c h o r d  p o i n t  
en s e c t i o n  n o r m a l - f o r c e  c o e f f i c i e n t  
8 f  flag d e f l e a t l o n  
6 s  d e f l e c t i o n  of s l o t t e d  f l a p  
SP d e f l e c t i o n  of s econda ry  p l a i n  f l a p  
Mc c r i t i c a l  Mach number 
P pressure c o e f f i c i e n t  s i g n i f y i n g  l o a d  d i s t r i b u t i o n  
a l o n g  mean l i n e  (3) 
R Reynolds  number 
Re e f f e c t i v e  Reynolds  number 
S a i r f o i l - s u r f a c e  p r e s s u r e  c o e f f i c i e n t  measured from 
2 
s t a g n a t i o n  p r e s s u r e  l e v e l  (+) 
Au v e l o c i t y  i nc remen t  due t o  mean- l ine  l o a d  d i s t r i b u -  
t i o n  P 
V v e l o c i t y  of f r e e  s t r e a m  
v v e l o c i t y  on s u r f a c e  of b a s i c  t h i c k n e s s  form 
Ava s u r f a c e  v e l o c i t y  i nc remen t  a s s o c i a t e d  w i t h  chang-  
i n g  a n g l e  of a t t a c k  ( a d d i t i o n a l  l i f t  d i s t r i b u -  
t i o n )  
x chord  d i s t a n c e  from l e a d i n g  edge 
Y a i r f o i l  o r d i n a t e  
yc  camber - l i ne  o r d i n a t e  
a. s e c t i o n  a n g l e  of a t t a c k  
a n g l e  of a t t a c k  c o r r e s p o n d i n g  t o  
c  l i  
I ,  - BASIC THICKNESS FORMS 
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NACA 
a 
B. radius: 1.590 percent c 
NACA 6b2-015 basic thickness form 
NO. G d  
ACR Sp Messrs. Jacobs,  Ahbott, and Da-vidson 
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L. E. radius: 2.208 percent c 
NACA 6b3-018 bas! c tbf c l r n ~ q s  f o r m  
NO. 6 2  
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COPY NO. $ 2  
- - - - -- - - - - ) I,. &. radius: 2.955 p e r c e n t  c - I 
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652-015 basic thickness form 
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I I I I 
L. E. radius: 1.96 percent  c 
NAcA 65j-~18 basic thickness form 
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NACA 654-021 basic thickness form 
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L.E. radium: 2.30 peraent c 
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- 
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L. E. radius: 2.550 percent c 
NACA 664-021 basic thickness form 
ACR by Messrs. Jacobs, Abbott, and Davidson 
PICA 67.1-015 basic t h i c k n e a a  form 
11. - MEAN LINES 
Mean l i n e  a = 0.3 
c z i  = 1.0 ai = 3.84' 
="e/4 = -0.106 
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Mean l i n e  a = 0.4 
1 
C t i  = 1.0 ui = 3.47O = -0.121 
=mc / 4 


















































































































Mean l i n e  a = 0.5 
=ti = 1 . 0 -  q = 3.04' cae14 = -0.139 * 
x 








1 0  





































































































Mean l i n e  a = 0.6 
0 
@ti = 1.0 at = 2.58 
f 
c8a/4 = - O * l S 8  
re 
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Mean line a = 0.7 
cli = 1.0 a = 2.09' 1 = -0.179 
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Mean line a = 0 . 9  
\ 
Mean line a = 1.0 
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Low ~ p 0 e d  pressure cooffioiont, S 
1 Ourvr calaulatrd from eqo~tlonr ( 8 )  and ( 62 )  of article entitled 
m ~ ~ m p r e s s i b i l i t y  ~ f f e o t s  in ~orodynsaios* by Tn. +on IL.rm6n in the 
J ~ u r n a l  of Aeronaptioal Soionoe, rol. 8, no. 9, July 1941, pp. 337-356 
(referenor 5 in thr report). 
111. - AIRFOIL SECTION CHARTS 
( a )  Nonroutine t e s t s  
December 2 1 ,  1 9 4 2  
N,CA 6 3 ( 4 2 C ) - 4 2 2  a n d  NACA 6 3 ( 4 2 0 ) - 5 1 7 . -  The a d d i t i o n  
of  t h e  number 20 e n c l o s e d  i n  p a r e n t h e s i s  w i t h  t h e  low-  
d r a g - r a n g e  i n d e x  f o r  t h e  s e c t i o n  d e s i g n a t i o n  i n  c h a r t s  
N A C B  6 3 ( 4 2 0 ) - 4 2 2  a n d  NACA 6 3 ( 4 2 0 ) - 5 1 7  i n d i c a t e s  t h a t  t h e s e  
s e c t i o n s  w e r e  o b t a i n e d  b y  s c a l i n g  t h e  o r d i n a t e s  of  t h e  
NACA 6 3 , 4 - 0 2 0  b a s i c  s e c t i o n .  T h u s ,  t h e  s e c t i o n  d e s i g n a -  
t i o n  N s C A  6 3 ( 4 2 0 ) - 5 1 7  may b e  i n t e r p r e t e d  a s  f o l l o w s :  The 
NACA 6 3 , 4 - 5 1 7  a i r f o i l  d e r i v e d  f rom t h e  N A C n  6 3 , 4 - 0 2 0  b a s i c  
s e c t i o n .  The a l t e r e d  t h i c k n e s s  of t h e  d e r i v e d  s e c t i o n  
l e a d s ,  a s  one would  e x p e c t ,  t o  a c h a n g e  i n  t h e  l o w - d r a g  
r a n g e  of  t h e  d e r i v e d  s e c t i o n  a s  compared  w i t h  t h a t  of  t h e  
b a s i c  s e c t i o n .  The 4 i n d i c a t i n g  t h e  l o w - d r a g  r a n g e  i n  
t h e  o r i g i n a l  d e s i g n a t i o n  i s  r e p l a c e d  b y  ( 4 2 0 )  i n d i c a t i n g  
t h a t  t h e  l o w - d r a g  r a n g e  was k 0 . 4  when t h e  t h i c k n e s s  was 
20 p e r c e n t .  The p a r e n t h e s i s  i s  employed t o  e m p h a s i z e  t h e  
I f a c t  t h a t  t h e  l o w - d r a g  r a n g e  i n d e x  d o e s  n o t  a p p l y  t o  t h e  
a l t e r e d  a i r f o i l .  F o r  t h e  example  m e n t i o n e d ,  NACA 6 3 ( 4 2 0 ) -  
5 1 7 ,  t h e  B k e e ~ e t i c a l  low-drag r a n g e  i s  p r o b a b l y  l e s s  t h a n  
~ 0 . 3 .  
T h i s  e x t e n s i o n  t o  t h e  n u m b e r i n g  s y s t e m  w i l l  b e  g e n e r -  
ally m p l o y s d  h e n c e f o r t h  t o  d e s i g n ~ t e  s u c h  a l t e r e d  a i r -  
f o i l s .  
EACB €S2-43.5, 653-418, and 664-421,- T h r e e  o h a r t s  
*- . 
%a-aauded (December 3942)  t o  r e p r e s e n t  a family 
rsarses a i r f o i l s  of  varying t h i c k n e s s .  Data on 
t h e  basfc thickness forms NACA 652-015 ,  653-018,  and 
654-021 a r e  a l s o  g i v e n  ( p p .  7 a ,  7 b ,  a n d  712, r e s p e c t i v e l y ) .  
T h e s e  r e p r e s e n t  r e l a t e d  t h i c k n e s s  f o r m s  l a r g e l y  b a s e d  on 
t h e  o l d e r  f o r m  NACA 6 5 , 3 - 0 1 8 ,  b u t  t h e  N d C d  653-018 s e c -  
t i o n  d i f f e r s  s l i g h t l y  f rom t h e  o l d e r  a i r f o i l .  Members of 
t h e  t h i c k n e s s  s e r i e s  a r e  t h e r e f o r e  d i s t i n g u i s h e d  by  t h e  
u s e  O f  t h e  s u b s c r i p t  n u m e r a l s .  
22 
August  2 2 ,  1 9 4 2  
NBCA 65 ,2-215 ,  a  = 0.5 ( app rpx . ) . -  The r e s u l t s  p r e -  
s e n t e d  i n  t h e  c h a r t  NACA 6 5 , 2 - 2 1 5 , '  a  = 0.5 ( a p p r o x . )  
we re  o b t a i n e d  f rom t e s t s  o f  a  s e c t i o n  o f  a  w ing  d e f i n e d  
by s t r a i g h t - l i n e  f a i r i n g  be tween  r o o t  and  t i p .  The s e c -  
t i o n  t e s t e d  was ta i ren c l o s e  t o  t h e  s e c t i o n  NkCk 65 ,2-215 ,  
a = 0.5 and c l o s e l y  a p p r o x i m a t e s  t h i s  s e c t i o n .  The s e c -  
t i o n  was t e s t e d  b e f o r e  i n s t a l l a t i o n  of  l i f t - m e a s u r i n g  
e q u i p m e n t ,  and  t h e  l i f t  d a t a  p r e s e n t e d  we re  o b t a i n e d  by  
i n t e g r a t i o n  o f  p r e s s u r e  d i s t r i b u t i o n s  t o  o b t a i n  normal -  
and  c h o r d - f o r c e  components .    he maximum l i f t  c o e f f i -  
c i e n t s  p r e s e n t e d  may b e  low b e c a u s e  of d i f f i c u l t y  expe-  
r i e n c e d  i n  t h e  e a r l y  t e s t s  i n  p r o p e r l y  s e a l i n g  t h e  g a p s  
b e t w e e n  t h e  model ends  and  t h e  t u n n e l  w a l l s .  
NACA 6 5 , 2 9 2 1 5 ,  a  = 0.5 ( a p p r o x , ) ,  w i t h  0 . 2 1 ~  p l a i n  
f l a p . -  The e f f e c t s  of a 0 . 2 1 ~  p l a i n  f l a p ,  o r  a i l e r o n ,  on 
-
t h e  c h a r a c t e r i s t i c s  o f  t h e  a p p r o x i m a t e  NACA 65 ,2-215 ,  
a = 0 .5 ,  s e c t i o n  a r e  shown by t h e  c h a r t  NACA 65 ,2-215 ,  
0 a = 0.5 ( a p p r o x . ) ,  w i t h  0 . 2 1 ~  p l a i n  f l a p .  The f l a p ,  o r  a i l e r o n ,  was h i n g e d  a t  t h e  l o w e r  s u r f a c e .  T h i s  model was 
t e s t e d  b e f o r e  i n s t a l l a t i o n  of l i f t - m e a s u r i n g  a p p a r a t u s ,  
and  n o r m a l - f o r c e  c o e f f i c i e n t s  o b t a i n e d  f rom i n t e g r a t i o n  
o f  p r e s s u r e  d i s t r i b u t i o n s  a r e  p r e s e n t e d  i n s t e a d  of l i f t  
c o e f f i c i e n t s  f o r  a l l  c o n d i t i o n s  e x c e p t  f l a p  n e u t r a l  a t  a 
R e y n o l d s  number of  6.7 x l o 6 .  F o r  t h i s  one  c o n d i t i o n ,  
l i f t  c o e f f i c i e n t s  a r e  p r e s e n t e d  a s  o b t a i n e d  f rom i n t e g r a -  
t i o n  o f  preesure d i s t r i b u t i o n s '  t o  o b t a i n  b o t h  normal -  and 
c h o r d - f o r c e  components. The maxfmum l t f t  o r  n o r m a l - f o r c e  
c o e f f i c i e n t @  p r e s e n t e d  may be  t o o  l ow b e o a u s e  of impe r -  
f e c t l y  s e a l e d  g a p s  be tween  t h e  model e n d s  a n d  t h e  t u n n e l  
w a l l s .  
The d r a g - c o e f f i c i e n t  c u r v e  p r e s e n t e d  was o b t a i n e d  
w i t h  t h e  f l a p ,  o r  a i l e r o n ,  s l o t  s e a l e d  w i t h  m o d e l i n g  c l a y  
a t  t h e  u p p e r  s u r f a c e ,  With t h e  s l o t  o p e n ,  a c h e c k  made 
b e t w e e n  ci  = 0 .1  and c i  = 0.7 showed l i t t l e  d e v i a t i o n  
f r o m  t h e  c u r v e  p r e s e n t e d .  
N A C x  65 (216 ) -222  ( app rox .  ) .- The r e s u l t s  p r e s e n t e d  
i n  t h e  c h a r t  NBCh 65(216) -222  ( a p p r o x . )  we re  o b t a i n e d  
f r o m  r o u t i n e  t e s t s  o f  a  s e c t i o n  of  a w ing  d e f i n e d  by  
s t r a i g h t - l i n e  f a i r i n g  be tween  r o o t  and  t i p .  The s e c t i o n  
t e s t e d  was o u t b o a r 6  from a n  NACA 65(216) -222  r o o t  s e c t i o n  
a n d  r e s e m b l e s  t h e  NACA 65 (216 ) -222  s e c t i o n .  The r o o t  
s e c t i o n  was o b t a i n e d  by t h i c k e n i n g  t h e  b a s i c  N h C A  65.2-016 
s e c t i o n  and  i s  a r a t h e r  ex t r eme  example  o f  such  c h a n g e  i n  
t h i c k n e s s .  
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NBGB 6 5 ( 2 2 3 ) - 4 2 2 ,  a = 1 . 0  ( a p p r o x . ) . -  The c h a r t  o f  
t h e  NAG* 6 5 ( 2 2 3 ) - 4 2 2 ,  a = 1 . 0  ( a p p r o x . )  g i v e s  t h e  t e s t  
r e s u l t s  of  a w i n g  r o o t  s e c t i o n  w h i c h  was  s l i g h t l y  mod i -  
f i e d .  The " ( a p p r o x . ) "  i n  t h e  a i r f o i l  d e s i g n a t i o n ,  WACA 
6 5 ( 2 2 3 ) - 4 2 2 ,  a = 1 . 0  ( a p p r o x . ) ,  r e f e r s  t o  a s m a l l  t h i c k -  
e n i n g  n e a r  t h e  t r a i l i n g  e d g e  o f  t h e  N A C a  6 5 ( 2 2 3 ) - 4 2 2 ,  
a  = 1 . 0 ,  a i r f o i l .  
NACA 6 5 . 3 - 0 1 8 . -  The r e s u l t s  o r i g i n a l l y  p r e s e n t e d  i n  
t h e  c h a r t  N A C A  6 5 , 3 - 0 1 8  ( t e s t :  TDT 1 0 0 )  h a v e  b e e n  r e -  
p l a c e d  by  t h e  c h a r t  NBCA 6 5 , 3 - 0 1 8  ( t e s t :  TDT 1 5 9 ,  212, 
a n d  2 1 4 ) .  The  e f f e c t s  of  model  i n a c c u r a c i e s  h a v e  t h u s  
b e e n  r emoved  s o  t h a t  t h e  c h a r t  now g i v e s  s t a n d a r d  t e s t  
r e s u l t s .  
NACA 6 6 , 2 - 1 1 8  w i t h  0 . 2 5 ~  s l o t t e d  f l a p . -  The c h a r t  
NBCA 6 6 , 2 - 1 1 8  w i t h  0 . 2 5 ~  s l o t t e d  f l a p  p r e s e n t s  c h a r a c t e r -  
i s t i c s  o f  a 0 . 2 5 ~  s l o t t e d  f l a p ,  w h i c h  o t h e r w i s e  i s  s i m i -  
l a r  t o  t h e  f l a p  o f  c h a r t  NACA 6 6 , 2 - 2 1 6 ,  a = 0.6, w i t h  
0 . 3 0 ~  s l o t t e d  f l s p .  The f l a p  movement was  s u c h  a s  t o  
k e e p  t h e  s l o t  c l o s e d  when t h e  f l a p  w ~ s  e x t e n d e d  a n d  d e -  
f l e c t e d  u p  t o  a n  a n g l e  of  a l i t t l e  more  t h a n  15'. N O  
a t t e m p t  was made t o  k e e p  t h e  s l o t  s e a l e d  a t  t h e s e  l o w  d e -  
f l e c t i  o n s ,  a n d  t h e r e  w a s  u n d o u b t e d l y  some s l i g h t  l e a k a g e  
t h r o u g h  t h e  s l o t .  Only two  d r a g  p o i n t s  a r e  a v a i l a b l e  
w i t h  t h e  f l a p  d e f l e c t e d  15'  a n d  t h e  r e s u l t i n g  gap i n  t h e  
l o w e r  s u r f a c e  b l o c k e d  w i t h  m o d e l i n g - c l a y  dams t o  p r e v e n t  
s p a n w i s e  movement o f  t h e  l o w - e n e r g y  a i r  i n  t h e  g a p .  The 
d r a g  c u r v e  f o r  t h i s  c o n d i t i o n  was e s t i m a t e d  f rom more  
n e a r l y  c o m p l e t e  d a t a  a v a i l a b l e  w i t h o u t  dams a n d  w i t h  t h e  
g a p  e n t i r e l y  f i l l e d  w i t h  m o d e l i n g  c l a y ,  F i l l i n g  t h e  gap 
f a i l e d  t o  i m p r o v e  t h e  d r a g  c h a r a c t e r i s t i c s .  
NhCA 6 6 , 2 - 2 1 6  w i t h  0 . 2 5 ~  p l a i n  f l a p . -  The c h a r t  N A C A  
6 6 , 2 - 2 1 6  w i t h  0 . 2 5 ~  p l a i n  f l a p  shows t h e  s e c t i o n  c h a r a c -  
t e r i s t i c s  f o r  t h i s  c o m b i n a t i o n .  The f l a p ,  o r  a i l e r o n ,  
was h i n g e d  a t  t h e  l o w e r  s u r f a c e .  
NACA 66,2-216,  a  = 0.6,  w i t h  0 . 1 7 ~  p l a i n  f l a p . -  The 
c h a r t  NACA 66,2-216, a  = 0.6,  w i t h  0 . 1 7 ~  p l a i n  f l a p  p r e -  
s e n t s  t h e  s e c t i o n  c h a r a c t e r i s t i c s  f o r  t h i s  combina t ion  of 
a i r f o i l  and f l a p .  This  f l a p ,  o r  a i l e r o n ,  was h i n g e d  on 
t h e  a i r f o i l  mean l i n e  and was t e s t e d  w i t h  a  rubber  s e a l  
t o  p r e v e n t  f l o w  th rough  t h e  s l o t .  There  i s  r e a s o n  t o  be- 
l i e v e ,  however,  t h a t  some l e a k a g e  o c c u r r e d  a c r o s s  t h e  
s e a l .  T h i s  t e s t  w i t h  f l a p  d e f l e c t e d  was made p r e v i o u s  t o  
t e s t  TDT 40; t h e r e f o r e ,  t h e  maximum l i f t  c o e f f i c i e n t s  may 
be  t o o  low b e c a u s e  of l e a k a g e  between t h e  model ends  and 
t h e  t u n n e l  walls.  The d a t a  p r e s e n t e d  f o r  t h e  p l a i n  a i r -  
f o i l  were o b t a i n e d  l a t e r ,  and t h e  l i f t  d a t a  may b e  t o 0  
h i g h  by a s  much a s  0.05, as  d i s c u s s e d  i n  t h e  r e p o r t  under  
T e s t s  and R e s u l t s .  These c o n s i d e r a t i o n s  e x p l a i n  t h e  f a i l -  
u r e  of t h e  d a t a  t o  show a  p r o p e r  v a r i a t i o n  of maximum l i f t  
w i t h  f l a p  d e f l e c t i o n .  
NACA 66 ,20216,  a = 0 .6 ,  w i t h  0 . 2 0 ~  s p l i t  f l a p . -  The 
-
e f f e c t s  of a 0 . 2 0 ~  s p l i t  f l a p  on t h e  c h a r a c t e r i s t i c s  of a 
low-drag a i r f o i l  a r e  shown i n  t h e  c h a r t  NACA 66,2-216, 
a = 0.6, w i t h  0 . 2 0 ~  s p l i t  f l a p .  The d a t a  p r e s e n t e d  f o r  
f l a p  d e f l e c t i o n s  of  30°,  45O, and 60° were o b t a i n e d  b e f o r e  
i n s t a l l a t i o n  of l i f t - m e a s u r i n g  equipment.  For  t h a s e  de- 
f l e c t i o n s  no rmal - fo rce  c o e f f i c i e n t s  o b t a i n e d  from p r e s s u r e  
d i s t r i b u t i o n s  a r e  p r e s e n t e d  i n s t e a d  of  l i f t  c o e f f i c i e n t s .  
I t  i s  though t  t h a t  t h e  maximum normal - fo rce  c o e f f i c i e n t s  
p r e s e n t e d  f o r  t h e s e  f l a p  d e f l e c t i o n s  may b e  low b e c a u s e  
o f  d i f f i c u l t y  e x p e r i e n c e d  i n  t h e  e a r l y  t e s t s  i n  p r o p e r l y  
s e a l i n g  the g a p s  between t h e  model ends  and t h e  t u n n e l  
w a l l $ ,  Tha data f o r  t h e  p l a i n  a i r f o i l  and f o r  t h e  air- 
f o i l  w i t h  f l a p  d e f l e c t e d  15O were o b t a i n e d  l a t e r  from rou-  
t i n e  t e s t s  of  a new model. 
NACA 66 ,2-216,  a = 0.6 ,  w i t h  0 . 2 5 ~  h i n g e d  s l o t t e d  
f l a p . -  The c h a r t  NACA 66,20216,  a  = 0.6,  w i t h  0 . 2 5 ~  h i n g e d  
-
s l o t t e d  f l a p  p r e s e n t s  t h e  c h a r a c t e r i s t i c s  of t h e  s l o t t e d -  
f l a p  combina t ion  shown i n  more d e t a i l  i n  t h e  accompanying 
f i g u r e ,  Th i s  f l a p  i s  d e s i g n e d  t o  d e f l e c t  by r o t a t i o n  
a b o u t  a  f i x e d  h i n g e  p o i n t .  The t e s t s  of  t h i s  combina t ion  
were  r o u t i n e ;  however ,  i n s u f f i c i e n t  d a t a  a r e  ' a v a i l a b l e  t o  
show a r e l i a b l e  d r a g  curve  f o r  t h e  f l a p - r e t r a c t e d  c o n d i -  
t i o n ,  Three d r a g  p o i n t s  f o r  t h i s  c o n d i t i o n  a r e  p l o t t e d .  
The gap on t h e  lower  s u r f a c e  w i t h  f l a p  r e t r a c t e d  a l l o w s  a  
p o s s i b l e  spanwise  iovement of low-energy a i r  i n t o  o r  away 
f rom t h e  wake-survey p o s i t i o n .  T h i s  spanwise  movement of 
m a i r  was p r e v e n t e d  by dams of model ing c l a y  p l a c e d  i n  t h e  gap  on each  s i d e  of t h e  survey p l a n e .  
NACA 66,2-216, a = 0.6, w i t h  0 . 2 5 ~  hinged s l o t t e d  f lap .  
XACA 66,2-216,  a = 0.6,  w i t h  0 . 3 0 ~  s l o t t e d  f l a p . -  The 
c h a r t  NACA 66.2-216. a  = 0 . 6 .  w i t h  0 . 3 0 ~  s l o t t e d  f l a p  
shows t 5 e  c h a r a c t e r i s t i c s  of - t h e  s l o t t e d - f l a p  combinat ion  
shown i n  more d e t a i l  i n  t h e  accompanying f i g u r e .  Normal- 
f o r c e  c o e f f i c i e n t s  o b t a i n e d  from i n t e g r a t i o n  of  p r e s s u r e -  
d i s t r i b u t i o n  d iagrams a r e  shown i n s t e a d  of l i f t  c o e f f i -  
c i e n t s  excep t  i n  t h e  c a s e  of t h e  p l a i n - a i r f o i l  d a t a  shown 
f o r  comparison.  The f l a p  i s  i n  t h e  f u l l y  extended p o s i -  
t i o n  f o r  a l l  d e f l e c t i o n s  f o r  which d a t a  a r e  p r e s e n t e d .  
C o n d i t i o n s  i n  which t h e  f l a p  was p a r t i a l l y  d e f l e c t e d  i n -  
d i c a t e d  v e r y  f a v o r a b l e  d r a g  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  
f o r  t h e  c a s e  i n  which t h e  f l a p  was d e f l e c t e d  and e x t e n d e d ,  
a s  w i t h  t h e  0 . 2 5 ~  s l o t t e d  f l a p ,  i n  such  a manner as  n o t  
t o  open t h e  s l o t  u n t i l  a d e f l e c t i o n  of t h e  o r d e r  of 15' 
was reached.  These d a t a  a r e  no t  p r e s e n t e d  because  t h e  
a b s e n c e  of dams made them of d o u b t f u l  accuracy .  
Flop refroc fed 
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NACA 66,Z-216, a = 0.6, with 0 . 3 0 ~  s l o t t e d  f l a p  
N A C A  66 ,2-216,  a  = 0 . 6 ,  w i t h  0 . 3 0 ~  s l o t t e d  and 0 . 1 0 ~  
p l a i n  f l a p . -  The c h a r t  NACA 66,2-216,  a = 0 .6 ,  w i t h  0.30~ 
s l o t t e d  and 0 . 1 0 ~  p l a i n  f l a p  p r e s e n t s  t h e  c h a r a c t e r i s t i c s  
of t h e  combina t ion  shown i n  g r e a t e r  d e t a i l  i n  t h e  accompany- 
i n g  f i g u r e .  T h i s  combina t ion  i s  s i m i l a r  t o  t h a t  shown i n  
c h a r t  NACA 66,2-216,  a = 0.6,  w i t h  0 . 3 0 ~  s l o t t e d  f l a p ,  ex- 
c e p t  f o r  t h e  a d d i t i o n  of a  0 . 1 0 ~  p l a i n  f l a p ,  which forms 
t h e  r e a r  p o r t i o n  of t h e  s l o t t e d  f l a p .  The p l a i n  f l a p  i s  
h i n g e d  on t h e  l o w e r  s u r f a c e  and  i s  o p e r a b l e  w i t h  t h e  s l o t -  
t e d  f l a p  e i t h e r  r e t r a c t e d  o r  d e f l e c t e d ,  The p l a i n - f l a p  
s l o t  c o n t a i n e d  a r u b b e r  s e a l  t o  p r e v e n t  f l o w s  t h r o u g h  t h e  
s l o t .  Maximum l i f t  d a t a  from t h e  e a r l i e r  t e s t ,  TDT 3 2 ,  
may be t o o  l o w  b e c a u s e  of l e a k a g e  a t  t h e  a i r f o i l  e n d s  and 
t h e  l i f t  d a t a  f o r  t h e  p l a i n  a i r f o i l ,  t e s t  TDT 9 0 ,  may be 
t o o  h i g h  b e c a u s e  o f  t h e  change i n  l i f t  t a r e s .  
Slotted flop retrucfed 
P/oir, flap deflected 
Soffed f/qd ex fended 
&in f/qo deflected 
NACA 66,2-216, a = 0.6, with 0.30~ slotted and 0.10~ plain flap. 
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NACA 66 ,2x-415 ,  a = 0 .6 . -  The "xu i n  t h e  s e c t i o n  d e s -  
i g n a t i o n  of t h e  a i r f o i l  p r e s e n t e d  i n  c h a r t  NACA 66,2x-415 ,  
a = 0.6 i n d i c a t e s  t h a t  t h e  model t e s t e d  was b u i l t  b e f o r e  
t h e  d e r i v a t i o n  of t h e  s e c t i o n  was f i n a l l y  judged s a t i s f a c -  
t o r y  and  t h a t  t h e  s e c t i o n  does  n o t  e x a c t l y  c o r r e s p o n d  t o  
t h e  f i n a l  SAGA 66,2-415, a = 0.6 s e c t i o n .  The l i f t  r e -  
s u l t s  p r e s e n t e d  were  o b t a i n e d  f r o m  p r e s s u r e  d i s t r i b u t i o n s  
t o  a v o i d  e r r o r  f rom t h e  change i n  l i f t  t a r e s .  
L a n g l e y  Memorial  A e r o n a u t i c a l  L a b o r a t o r y ,  
f a t i o n a k  A d v i s o r y  Committee f o r  A e r o n a u t i c s ,  
" Lang ley  F i e l d ,  V a .  
( 3 )  C h a r t s  
C h a r t s  n o t  men t ione& u n d e r  t h e  p r e c e d i n g  h e a d i n g  
m onr routine t e s t s )  p r e s e n t  s t a n d a r d  r o u t i n e  t e s t  r e s u l t s  
a s  d e s c r i b e d  i n  t h e  r e p o r t  t e x t .  Pi tching-moment  d a t a  
f rom t e s t s  s u b s e o u e n t  t o  TDT 208 a r e  o b t a i n e d  from t h e  
noment b a l a n c e  i n s t a l l e d  d u r i n g  May 1942. 
C h a r t s  w i t h  t h e  a d d i t i o n  of d a t a  f rom t e s t s  w i t h  a  
-roughness.- Host of  t h e  low-drag a i r f o i l s  f i r s t  
i n v e s t i g a t e d  were of c o n s e r v a t i v e  d e s i g n  a n d ,  t hough  t h e  
l e a d i n g  edge might  become v e r y  rough ,  no  v e r y  s e r i o u s  
s e p a r a t i o n  d i f f i c u l t i e s  shou ld  a r i s e  i n  o p e r a t i o n  w i t h  
t h e s e  a i r f o i l s .  The t h i c k n e s s ,  t h e  camber ,  and t h e  p o s i -  
t i o n  of  minimum p r e s s u r e  f o r  t h e s e  a i r f o i l s  were s o  chosen  
t h a t  t h e r e  would b e  a c o n s e r v a t i v e  p r e s s u r e  r e c o v e r y  o v e r  
t h e  r e a r w a r d  p a r t  of t h e  u p p e r  s u r f a c e .  For  t h e s e  con- 
s e r v a t i v e  a i r f o i l s  t h e  r e c o v e r y  c o u l d  b e  made w i t h o u t  
marked s e p a r a t i o n ,  even i n  t h e  p r e s e n c e  o f  a boundary  
l a y e r  e x c e s s i v e l y  t h i c k e n e d  by p r e m a t u r e  t r a n s i t i o n  and 
r o u g h n e s s  n e a r  t h e  l e a d i n g  edge.  Hence ,  when t h e  con- 
s e r v a t i v e  low-drag a i r f o i l s  and  c o n v e n t i o n a l  a i r f o i l s  
were  s i m i l a r l y  roughened ,  i t  was e x p e c t e d  t h a t  t h e i r  d r a g  
C o e f f i c i e n t s  would b e  i n  t h e  s a n e  r a n g e .  
I n  some r e c e n t  a p p l i c a t i o n s  c o n s e r v a t i v e  s e c t i o n s  
h a v e  been  i n c r e a s e d  i n  t h i c k n e s s  (by t h e  a p p l i c a t i o n  of a  
f a c t o r  t o  t h e  b a s i c  a e c t i o n  o r d i n a t e s )  t o  t h e  p o i n t  that 
t h e f r  r e l a t i o n  t o  t h e  o o n s e r v a t i v e  r a n g e  h a s  become, a t  
l e a s t ,  d o u b t f u l ,  The r a n g e  of  c o n s e r v a t i v e  a i r f o i l  de- 
s i g n ,  a s  c o n t r a s t e d  w i t h  t h e  c r i t i c a l  r a n g e  d e t e r m i n e d  by 
t h e  c h o i c e  o f  t h i c k n e s s ,  camber ,  and minimum p r e s s u r e ,  i s  
d i s c u s s e d  i n  g e n e r a l  t e r m s  i n  t h i s  r e p o r t  u n d e r  t h e  s e c -  
t i o n  e n t i t l e d  " D e s c r i p t i o n  of A i r f o i l s . "  
Some o f  t h e s e  a i r f o i l s ,  c o n s i d e r e d  d o u b t f u l l y  con- 
s e r v a t i v e  w i t h  r e s p e c t  t o  s e p a r a t i o n ,  were  t e s t e d  a f t e r  
t h e  a p p l i c a t i o n  of a  s t a n d a r d  r o u g h n e s s  t o  t h e  l e a d i n g  
edge .  A s t a n d a r d  roughness  i s  d e f i n e d  i n  t h e  NACA 
C o n f i d e n t i a l  S u l l e t i n  by t h e  a u t h o r s  o f  t h e  p r e s e n t  p a p e r ,  
i s s u e d  i p  J u n e  1 9 4 2  and e n t i t l e d  " I n v e s t i g a t i o n  of Extreme 
Leading-Edge Boughness  on Th ick  Low-Drag A i r f o i l s  t o  
x n d i c a t e  Those C r i t i c a l  t o  S e p a r a t f  on. it E x c e r p t s  f rom 
t h i s  B u l l e t i n  f o l l o w :  
" I t  was d e s i r e d  t o  choose  an ex t r eme  rough c o n d i t i o n  
a s  a s t a n d a r d  roughness  t o  be a p p l i e d  t o  t h e  l e a d i n g  edge 
of t h e  v a r i o u s  a i r f o i l s  and a t  t h e  same t i m e  one t h a t  
would n o t  a l t e r  t h e  c o n t o u r  of t h e  s e c t i o n .  The s t a n d a r d  
r o u g h n e s s  might  t h u s  s i m u l a t e  an  e x t r e m e l y  rough c o n d i t i o n  
t h a t  might  r e s u l t  f rom mud o r  rough  i c e  on t h e  l e a d i n g  
edge  of t h e  a i r f o i l  b u t ,  o f  c o u r s e ,  c o u l d  n o t  r e p r e s e n t  
t h i c k  i c e  a c c u m u l a t i o n s  of t h e  wors t  t y p e ,  which would 
s e r i o u s l y  a l t e r  t h e  a i r f o i l  c o n t o u r .  
"With s u c h  c o n s i d e r a t i o n s  i n  v i e w ,  a  s t a n d a r d  rough-  
n e s s  c o n s i s t i n g  o f  carborundum p a r t i c l e s  t h i n l y  a p p l i e d  
o v e r  t h e  l e a d i n g - e d g e  p a r t  of t h e  a i r f o i l  was a d o p t e d .  A 
m i c r o s c o p i c  e x a m i n a t i o n  of t h e  p a r t i c l e s  u s e d  showed them 
t o  b e  shaped  l i k e  lumps of c o a l  and t o  have  c r o s s w i s e  d i -  
mens ions  n e a r  0.010 i n c h  and  seldom g r e a t e r  t h a n  0.015 
i n c h .  The p a r t i c l e s  were a p p l i e d  t o  one s u r f a c e  of S c o t c h  
t a p e ;  t h e  t a p e  was ,  i n  t u r n ,  a t t a c h e d  t o  t h e  l e a d i n g  edge 
of  t h e  a i r f o i l .  The u s e  o f  S c o t c h  t a p e  i n  a p p l y i n g  t h e  
r o u g h n e s s  p e r m i t t e d  i t s  a u i c k  removal f o r  t h e  c o m p a r a t i v e  
t e s t s  o f  t h e  smooth a i r f o i l .  The carborundum p a r t i c l e s  
were  r e t a i n e d  on t h e  S c o t c h  t a p e  by a  t h i n  c o a t  o f  s h e l l a c  
a l l o w e d  t o  become t a c k y  b e f o r e  t h e  a p p l i c a t i o n  of t h e  p a r -  
t i c l e s .  The t a p e  and  r o u g h n e s s  e x t e n d e d  a r o u n d  t h e  l e a d -  
i n g  edge  of t h e  a i r f o i l  s e c t i o n  f o r  a t o t a l  s u r f a c e  
l e n g t h  of  313/1s i n c h e s ,  e q u a l l y  d i s p o s e d  above  and below 
t h e  l e a d i n g  edge ,  The carborundum was s o ,  t h i n l y  s p r e a d  
on thfo surfeae that 6 t o  1 0  p e r c e n t  o f  the area w a s  aa- 
t u a l l y  ofmared by oarrrborundum g r a i n a .  The alrf o i l  models  
were of &foet uhord and 3 - foo t  span; t h e  r o u g h n e s s  s tr ip  
w a e  exbended across t h e  e n t i r e  span  f rom w a l l  t o  w a l l  i n  
t h e  t u n n e l .  
"Fo r  t h e  f u l l - s c a l e  wing a t  a Reynolds  number c o r r e -  
s p o n d i n g  t o  t h a t  o f  t h e s e  model t e s t s ,  t h e  c o r r e s p o n d i n g  
r o u g h n e s s  i s  g e o m e t r i c a l l y  s i m i l a r  t o  t h a t  on t h e  model. 
The r o u g h n e s s  may t h u s  be  c o n s i d e r e d  t o  b e  some th ing  l i k e  
p a r t i c l e s  of s and  somewhat l e s s  t h a n  1 / 1 6  i n c h  a c r o s s  ad- 
h e r i n g  t o  t h e  l e a d i n g  edge of a wing o f  100- inch  chord .  
Such  r o u g h n e s s  c o n d i t i o n s ,  of c o u r s e ,  c a n n o t  b e  c o n s i d e r e d  
t y p i c a l  b u t  i t  was hoped t h a t  t h e  c o m p a r a t i v e  r e s u l t s  of 
t h e  same r o u g h n e s s  on v a r i o u s  wings would be  of v a l u e  a s  
r e p r e s e n t i n g  a  s t a n d a r d  roughness  c o n d i t i o n ,  e x t r e m e ,  b u t  
Of a t y p e  n o t  markedly  a l t e r i n g  t h e  o r i g i n a l  a i r f o i l  
c o n t o u r .  
The impor ta .n t  r o u g h n e s s  d a t a  a r e  p r e s e n t e d  h e r e i n  a s  
p o l a r  c u r v e s  f o r  each  a i r f o i l  p l o t t e d  t o  a  s m a l l e r  t h a n  
s t a n d a r d  s c a l e  ( d r a g  c o e f f i c i e n t  o n l y )  on t h e  l e f t - h a n d  
p a r t  o f  t h e  s t a n d a r d  c h a r t .  Such p o l a r  c u r v e s  a r e  p r e -  
s e n t e d  f o r  b o t h  t h e  a i r f o i l  smooth and f o r  t h e  a i r f o i l  
w i t h  a  s t a n d a r d  r o u g h n e s s ,  and a  l i f t  c u r v e  f o r  t h e  a i r -  
f o i l  w i t h  s t a n d a r d  roughness  i s  a l s o  shown f o r  compar i son .  
T h e s e  a d d i t i o n a l  c u r v e s  a r e  shown a s  t h i n  s o l i d  l i n e s  
w i t h o u t  t e s t  p o i n t s ,  t o  d i f f e r e n t i a t e  them from t h e  o t h e r  
c u r v e s .  
The c h a r t  f o r  t h e  N A C A  65,3-418 low-drag  a i r f o i l  
g i v e s  t h e  c h a r a c t e r i s t i c s  of a  low-drag a i r f o i l  c o n s i d e r e d  
t o  b e  of t h e  c o n s e r v a t i v e  t y p e  w h i l e  t h e  c h a r t  f o r  t h e  
NACA 65(216)-222  ( a p p r o x , )  g i v e s  t h e  c h a r a c t e r i s t i c s  of a  
low-drag  a i r f o i l  c o n s i d e r e d  t o  be  u n c o n s e r v a t i v e ,  
I A c o n v e n t i o n a l  a i r f o i l ,  t h e  NACB 23021 w i t h  rough-  
! n e s s ,  i s  u sed  a s  a  b a s i s  f o r  compar i son  a s  t o  w h e t h e r  a 
" . low-drag  a i r f o i l  w i t h  roughness  i s  t o  be  c o n s i d e r e d  of t h e  c o n s e r v a t i v e  o r  n o n c o n s e r v a t i v e  t y p e .  
Bechion l i f t  c o e f f i c i e n t  , c t  
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-1.2. Airfoil: NACA 65,2416 
a - 0.5 
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UACA 65,2-516, a m 0.5 
R: 6.3 x l o s  
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R: 6 x l o 6  
- Chord: 24 i n .  - 
Test: TDT 343, 345, ond 347. 
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A i r f o i l :  NACA 65,3-818 - -1.21-- t/ -/ R: a = 1.0 
6.1 x 106 
Chord: 24 i n .  
T e s t :  TDT 163 
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Chord: 24 in. 
Test: TDT 313 and 318 
8 16 a4 
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Airfoil: PACA 66,a-216 
a = 1 . 0 ,  
with 0 . 8 0 ~  sealed 
p la in  flap 
R: 6 X lo6 1 
-i.lt--f-\+- chord: 24 i n .  
l ae t :  m aes a m  so2 1 
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